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Biological responses to porcine respiratory and reproductive syndrome
virus in pigs of two genetic populations1,2
D. B. Petry3, J. W. Holl3, J. S. Weber3, A. R. Doster4, F. A. Osorio4, and R. K. Johnson5
Department of Animal Science, University of Nebraska, Lincoln 68583-0908
ABSTRACT: One hundred pigs from the NE Index
Line (NEI) and 100 Hampshire-Duroc cross pigs (HD)
were inoculated intranasally with porcine respiratory
and reproductive syndrome virus (PRRSV 97-7895
strain) at 26 d of age to determine whether genetic
variation in response to PRRSV exists. An uninfected
littermate to each infected pig served as a control. Pigs
were from 163 dams and 83 sires. Body weight and
rectal temperature were recorded, and blood samples
were drawn from each pig on d 0 before inoculation and
on d 4, 7, and 14 after inoculation. Pigs were sacrificed
ond 14. Lung andbronchial lymphnodeswere collected,
placed in optimal cutting temperature compound, and
frozen at −80°C. The presence of PRRSV in serumand in
lung tissue and bronchial lymph nodes was determined
by isolation in cell culture. The presence of antibodies
in serum collected on d 14was determined by a commer-
cial ELISA test. Lung tissue was examined microscopi-
cally and scored for incidence and severity of lesions
(score of 1 to 3; 1 = no or few lesions, and 3 = severe
interstitial pneumonia). Data were analyzed with a
mixedmodel that included randomsire and dameffects.
The interaction of line × treatment was significant (P
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Introduction
Considerable evidence for genetic variation in pigs
in response to pathogens or to challenges to the immune
system exists (Duchet-Suchaux et al., 1991; Mallard et
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< 0.001) for weight change and rectal temperature. Un-
infected HD pigs gained 0.67 kg more from d 0 to 14
and averaged 0.32°C higher rectal temperature than
uninfected NEI pigs (P < 0.001), whereas infected NEI
pigs gained 0.34 kgmore andhad −0.54°C lower temper-
ature than infected HD pigs (P < 0.001). Viremic titer
(cell culture infectious dose 50%/mL) was greater (P <
0.05) in HD than NEI at d 4 (104.52 vs. 104.22), 7 (104.47
vs. 103.99), and 14 (103.49 vs. 103.23). Viral titer loads in
lung (P = 0.11) and bronchial lymph nodes tended (P =
0.07) to be greater in HD than NEI pigs. Antibody sig-
nal-to-positive (S/P) ELISA ratios in infected pigs
ranged from 0.18 to 3.38, and 88% had levels ≥0.40,
which is the positive threshold for this ELISA. The S/
P range in uninfected pigs was 0 to 1.11, and 99% had
levels ≤0.40. Mean S/P ratio for infected pigs was 0.23
units higher in HD than in NEI (P < 0.001). The HD
pigs had a greater incidence of interstitial pneumonia
and 0.65 higher mean lesion scores than NEI pigs (P <
0.001). In summary, responses of pigs of the two lines
to infectionwithPRRSVdiffered, indicating that under-
lying genetic variation existed.
al., 1998; Wilkie and Mallard, 1999; Henryon et al.,
2002). Selection directly on genotypes for genes coding
resistance/susceptibility to certain pathogens can be
practiced. For example, susceptibility to colonization by
F18-bearing Escherichia coli is controlled by a domi-
nant allele and resistance by a recessive allele
(Bertschinger et al., 1993) and a PCR-restriction frag-
ment length polymorphism test for the mutation in the
encoding gene is available (Meijerink et al., 1997); how-
ever, markers for genes involved in immune responses
to most diseases do not exist. Selection for resistance
to such diseases using quantitative methods is gener-
ally not feasible. Quantification of health in breeding
populations is difficult (Mallard et al., 1992; Wilkie and
Mallard, 1998), and little is known about the relative
magnitude of genetic and environmental variation for
most diseases.
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Porcine reproductive and respiratory syndrome virus
(PRRSV) is currently themost economically significant
infectious disease affecting pigs (Holck and Polson,
2003). It infects pulmonary alveolar macrophages and
causes severe interstitial pneumonia (Molitor et al.,
1997; Thanawongnuwech et al., 1997). Infection often
leads to immunosuppression (Done and Paton, 1995;
Meier et al., 2003), and it also may cause abortion,
premature farrowing, stillborn pigs, and mummified
pigs.
It is important to identify traits that differentiate
animals that respond differently to pathogens and to
build the phenotypic and genotypic records to quantify
genetic variation among animals and identify the genes
involved. To study the effects of PRRSV infection, pigs
of two different genetic populations were infected with
PPRSV. Several biological responses were recorded
with the objective of determining whether genetic vari-
ation in responses to PRRSV exists.
Materials and Methods
Population
A total of 400 pigs were used in the experiment: 200
pigs from the NE Index line (NEI), a Large White-
Landrace composite population that had been selected
for increased litter size for 20 generations, and 200 from
a cross of Hampshire and Duroc lines (HD) that had
been selected for rate and efficiency of lean growth.
Details of the selection history in Line NEI are given
by Johnson et al. (1999), and responses in reproduction
traits through Generation 19 are reported by Petry et
al. (2004).
Line NEI pigs were born in the University of Ne-
braska swine research herd, whereas HD pigs were
obtained from a commercial farm. Neither farm had
experienced PRRSV. In addition, before initiation of
the experiment, pigs from both herds had tested nega-
tive for the presence of PRRSV by PCR methods and
for PRRSV serum antibodies by the ELISA test (IDDEX
Labs, West Brook, ME). Pigs for this study were se-
lected at random from available litters. Two pigs of the
same sex from as many different litters and families
as possible, representing a total of 83 sires and 163
dams, were sampled to broadly represent the popula-
tions. The experiment was conducted in two replicates
within each of two seasons, with 50 pigs per breed in
each year-season-replicate for a total of 200 infected
pigs and 200 uninfected pigs.
Pigs were transported from their farm of origin at
an average age of 23 d to the University of Nebraska
Veterinary and Biomedical Sciences Animal Research
Facility and were placed in environmentally controlled
rooms with 25 pigs per room. Each room contained one
pen of pigs of each linewith 12 to 13 pigs per pen.Within
each replication, one room was assigned randomly for
treatment, and the pigs in it were inoculated intrana-
sally with PRRSV. Pigs in the other isolated room,
which were littermates to those in the infected room,
served as controls. After a 3-d acclimation period, pigs
in rooms designated for infection were inoculated with
a 2-mL dose of 105 cell culture infectious dose 50%/mL
(CCID50) of PRRSV Strain 97-7985 (Osorio et al., 2002)
by applying 1 mL per nostril. Based on the temporal
sequence of events on infection of a pig with PRRSV
described byOsorio (2002), 0, 4, 7 and 14 dwere selected
as data collection points to capture the maximum
amount of viral replication in vivo.
At d 0, Line NEI pigs were 28 d old (SD = 8.1 d) and
weighed 5.06 kg (SD = 2.54 kg), whereas HD pigs were
23.7 d old (SD = 6.3 d) and weighed 5.38 kg (SD = 2.17
kg). Pigs were given ad libitum access to water and
feed. A corn-soybean meal diet formulated on an as-fed
basis to contain 21% CP, 1.20% lysine, 0.80% Ca, 0.70%
P, and 3.4 Mcal/kg of ME was fed throughout the trial.
Temperature in the rooms was maintained between 26
and 29°C.
Traits Measured
Body temperature by rectal probe, BW, and blood
draws of all pigs were collected and recorded just before
inoculation (d 0) and 4, 7, and 14 d after inoculation.
On d 14, all pigs were sacrificed, necropsy was per-
formed, and samples of lung, bronchial lymph node,
and spleen were collected and stored at −80°C for future
use. Level of viremia (CCID50/mL) was measured in
each pig by microtitration on cultures of MARC 145
cells, as well as in the lung and bronchial lymph node
tissue collected at necropsy. Serum samples collected
on d 14 from pigs infected with PRRSV and their unin-
fected littermates were analyzed with an ELISA (ID-
DEX Labs) test to determine the level of PPRSV anti-
body in infected pigs, expressed as sample-to-positive
(S/P) ratio as defined in the ELISA kit, and to test for
possible cross contamination in uninfected pigs.
Lungs were scored for the presence of pneumonia
(yes = 1 or no = 0). Representative sections of the left
cardiac lobe of the lung of each pig were placed in 10%
neutral buffered formalin, fixed for 24 h, processed,
embedded in paraffin, sectioned into 5-m pieces, and
stainedwith hemoxylin and eosin. Sections of lungwere
examined by light microscopy and scored subjectively
on a scale of 1 to 3 (Figure 1). Lungs receiving a score
of 1 had no lesions or had mild multifocal interstitial
pneumonia characterized by mild infiltration of the al-
veolar interstitium by lymphocytes, plasma cells, and
macrophages. A score of 2 was given to lung sections
that had moderate interstitial infiltration of mononu-
clear cells that caused diffuse alveolar interstitial thick-
ening involving less than 50% of the area of the section.
A score of 3 was given to lung sections that had greater
than 50% involvement of severe interstitial pneumonia.
Alveolar septae in infected lungs were thickened due
to mononuclear cell infiltration. Necrosis of Type-I
pneumocytes was accompanied by Type-2 pneumocyte
hyperplasia and hypertrophy. In addition, if present,
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Figure 1. A) Score I; normal lung. Alveoli are distended with air and no interstitial is thickening noted. B) Score
II; Diffuse interstitial thickening due to mononuclear cell infiltration is noted. Some alveoli are recognizable. C)
Score III; Diffuse interstitial thickening accompanied by Type-2 cell hyperplasia and hypertrophy. Alveoli are not
readily discernable.
lesions suggestive of Mycoplasma hyopneumonae and
infectious bacterial pneumonia were recorded for
each pig.
Statistical Analyses
All analyses were performed with SAS software (SAS
Inst., Inc., Cary, NC). Viral titer levels were recorded
on an exponential scale and normalized by analyzing
exponents. Weight change was calculated as the differ-
ence in weight between each period (d 0 to 4, d 4 to 7,
and d 7 to 14). Rectal temperature, weight change, and
viremia were analyzed using a mixed model with year-
season-replication, line, treatment, period, and all com-
binations of interactions as fixed effects. Sire, dam
within sire, and pig within damwithin sirewere treated
as randomeffects. Agewas fitted as a covariate to adjust
records of all pigs in each period to the same age. The
fixed effect of treatment was omitted from themodel for
viremia because it was not measurable in control pigs.
Viral load in the lung and bronchial lymph node,
ELISA ratio, and lung histology scores recorded at nec-
ropsy were analyzed with the same model, except that
period was removed from the fixed effects, and pig
within dam within sire was removed from the random
effects. Correlations among traits were calculated
within period and between periods with the PROCMA-
NOVA procedure, including line, replication, and inter-
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Figure 2. Weight change from d 0 to 4, d 4 to 7, and d 7 to 14 for Index (NEI) and Hampshire-Duroc cross (HD)
pigs without (−) and with (+) porcine respiratory and reproductive syndrome virus infection (treatment, line ×
treatment, and line × treatment × interval; P < 0.001; SEM = 0.05).
action in the model, separately for infected and unin-
fected pigs, to determine relationships among traits.
Results
Pigs infected with PRRSV gained less weight (P <
0.001) during each interval than their uninfected lit-
termates (Figure 2), but the pattern of response during
the three intervals was different between lines (line ×
treatment and line × treatment × interval; P < 0.001).
Uninfected HD pigs gained more rapidly from d 4 to 7
(0.06 ± 0.08) and from d 7 to 14 (0.66 ± 0.08) than NEI
pigs; however, NEI pigs infected with PRRSV gained
more from d 4 to 7 (0.14 ± 0.08) and from d 7 to 14 (0.32
± 0.08) than infected HD pigs.
Rectal temperature (Figure 3) was affected by line,
treatment, and interactions (line, treatment, line ×
treatment, and line × treatment × day; P < 0.001). In-
fected pigs of each genetic line hadhigher rectal temper-
atures on d 4, 7, and 14 than their uninfected lit-
termates. Overall, HD pigs had higher temperature
than NEI pigs (P < 0.001), and mean temperature in-
creased in both lines from d 0 to 14 (P < 0.001). The
pattern of response for uninfected pigs was similar in
both lines; however, the response in infected littermates
was different. Temperatures increased more rapidly in
infected HD pigs, especially from d 0 to 4, and remained
higher to d 14. Rectal temperatures of infected pigs of
both lines seemed to peak on d 7 (39.40°C for NEI and
40.15°C for HD) and then decrease slightly on d 14
(39.34°C for NEI and 39.88°C for HD).
Mean ELISA S/P ratios of infected pigs on d 14 were
1.30 in HD pigs and 1.07 in NEI pigs (P < 0.001). As
described in the test kit, pigs with an ELISA ratio of
0.40 or greater should be considered to be positive for
antibodies in the serum to PRRSV. The ELISA ratios
of infected pigs ranged from 0.18 to 3.38, and 176 out
of 200 pigs had ratios ≥0.40. Ratios for uninfected lit-
termates ranged from 0 to 1.11, and 199 out of 200 pigs
had ratios ≤0.40.
Mean viremia level is illustrated in Figure 4. Viremia
could be recorded only in blood drawn from infected
pigs at d 4, 7, and 14. Values in the graph are base
10 logarithms, so differences in exponents represent
exponentially greater differences in number of CCID50/
mL. For example, the coefficients of 4.22 and 4.52 for
NEI and HD pigs at d 4, respectively, represent a two-
fold difference in number of CCID50/mL of blood. Viral
titer level was greater in HD than NEI pigs on d 4,
7, and 14 (P < 0.001); line × day interaction was not
important (P > 0.30). Viral load recorded in lung tissue
and bronchial lymph nodes is illustrated in Figure 5.
The HD pigs tended to have higher PRRSV titer in the
lung (0.41 ± 0.14, P = 0.11) and the bronchial lymph
nodes (0.51 ± 0.14, P = 0.07) than NEI pigs.
Meanpneumonia scores for infected pigswere greater
for HD thanNEI (1.92 vs. 1.27; P < 0.001). Lesions were
observed in a few uninfected pigs, but the incidence
was very low for both NEI and HD pigs.
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Figure 3. Rectal temperature (°C) at d 0, 4, 7, and 14 after infection for uninfected (−) and infected (+) Index (NEI)
and Hampshire-Duroc (HD) pigs (line, treatment, line × treatment, line × treatment × day; P < 0.001; SEM = 0.10).
Figure 4. Viremia titer, expressed as log10 CCID50/mL, (cell culture infectious dose 50%/mL) in serum of Index
(NEI) and Hampshire-Duroc cross (HD) pigs at 4, 7, and 14 d after infection with porcine respiratory and reproductive
syndrome virus (line; P < 0.0001; SEM = 0.07).
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Figure 5. Viral titer, expressed as log10 CCID50/g, (cell culture infectious dose 50%/mL) of tissue, at d 14 in the
lung (line, P = 0.11; SEM = 0.10) and bronchial lymph nodes (line; P = 0.07; SEM = 0.09) of Index (NEI) and Hampshire-
Duroc cross (HD) pigs infected with porcine respiratory and reproductive syndrome virus.
Correlations among weight changes in each period
in uninfected pigs ranged from 0.30 to 0.50, and correla-
tions among temperatures recorded on different days
ranged from 0.19 to 0.37 (Table 1). Correlations among
weight changes and body temperatures also were posi-
tive, ranging from 0.13 to 0.31.
Correlations among weight changes and tempera-
tures in infected pigs tended to be lower and were less
consistent across periods than in uninfected pigs (Table
2). A weak, negative correlation (−0.11) between weight
change from d 0 to 4 and weight change from d 4 to 7
existed,whereas the correlation betweenweight change
from d 0 to 4 and weight change from d 7 to 14 was
weak but positive (0.24). The correlations of weight
Table 1. Correlations between body weight change (kg) from d 0 to 4 (WC0–4), d 4 to 7
(WC4–7), and d 7 to 14 (WC7–14) and rectal temperature (°C) at d 0 (T0), 4 (T4), 7 (T7), and
14 (T14) in uninfected pigs
Trait WC4–7 WC7–14 T0 T4 T7 T14
WC0–4 0.30a 0.42 0.21 0.21 0.17 0.13
WC4–7 0.50 0.31 0.31 0.26 0.20
WC7–14 0.23 0.24 0.20 0.28
T0 0.26 0.24 0.19
T4 0.37 0.21
T7 0.37
aCorrelations greater than 0.15 = P < 0.05; greater than 0.20 = P < 0.01.
change from d 7 to 14 with weight change from d 0 to
4 and with weight change from d 4 to 7 were similar
in infected and uninfected pigs. Correlations among
temperatures in different periods ranged from 0.04 to
0.30, and correlations among weight changes and tem-
peratures ranged from −0.02 to 0.28.
Viremia and weight change tended to be negatively
correlated; however, correlations ranged from −0.46 to
0.15, indicating relatively weak associations. Viremia
and temperature were essentially uncorrelated. Vire-
mia at the different periods was positively related, but
again, the associations were not strong, ranging from
0.06 to 0.20. Associations of lung lesion scores and
ELISA ratios with all other traits were very low.
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Table 2. Correlations among traits recorded in pigs infected with porcine respiratory and reproductive syndrome virus
Traita WC4–7 WC7–14 T0 T4 T7 T14 V4 V7 V14 LV LYV P L E
WC0–4 −0.11b 0.24 0.14 0.17 0.07 0.17 −0.10 0.15 −0.22 −0.12 −0.16 −0.06 0.05 0.12
WC4–7 0.39 0.09 0.08 −0.02 0.09 −0.13 −0.10 −0.27 −0.09 −0.01 −0.10 0.01 0.14
WC7–14 0.28 0.11 −0.01 0.15 −0.18 −0.13 −0.46 −0.31 −0.23 −0.08 −0.07 0.15
T0 0.04 0.10 0.16 −0.06 −0.07 −0.07 −0.02 −0.01 0.02 −0.01 0.09
T4 0.29 0.24 −0.04 0.08 −0.23 −0.13 0.03 −0.12 −0.09 0.03
T7 0.30 0.00 −0.05 −0.15 −0.02 −0.02 −0.14 0.04 0.11
T14 0.05 0.09 −0.22 0.03 0.05 −0.11 0.14 −0.02
V4 0.19 0.06 −0.08 0.13 0.03 0.02 −0.09
V7 0.20 0.11 0.16 0.15 0.18 −0.02
V14 0.27 0.26 0.02 0.00 −0.11
LV 0.44 0.07 0.24 −0.17
LYV 0.00 0.02 −0.09
P 0.46 −0.01
L −0.03
aWC0–4, WC4–7, and WC7–14 = weight change from d 0 to 4, d 4 to 7, and d 7 to 14, respectively; T0, T4, T7, T14 = rectal temperature at d
0 before infection and on d 4, 7, and 14 after treatment, respectively; V4, V7, and V14 = viremia in serum collected at d 4, 7, and 14,
respectively; LV and LYV = viremia in lung and lymph, respectively, collected at necropsy on d 14; P = incidence of interstitial pneumonia,
scored as 0 or 1; L = severity of lung lesions, scored as 1 to 3; and E = ELISA antibody ratio.
bCorrelations greater than 0.15 = P < 0.05; greater than 0.20 = P < 0.01.
Discussion
Line differences and line × treatment interactions
across days are evidence that genetic variation in the
mechanisms involved in immune responses to PRRSV
exists. Higher body temperature, decreased growth rate
and greater viremia in serum, lung, and lymph in HD
than NEI pigs indicates that NEI pigs were more resis-
tant to PRRSV thanHDpigs. Halbur et al. (1998), using
breeds unrelated to those in this study, infected pigs
with PRRSVand also found breed differences for ELISA
ratios, ADG, and in severity of PRRSV-induced lesions
in the lung. A preliminary examination of allelic varia-
tion in PRRSV-response genes revealed the presence
of SNP in 26 of 52 genes (Hawken et al., 2001). This
variability may be associated with genetic variability
in the immune response of pigs to PRRSV.
There is little additional direct evidence for genetic
variation in pigs in response to PRRSV; however, Mal-
lard et al. (1998) and Wilkie and Mallard (1999) re-
ported results of eight generations of selection for anti-
body- and cell-mediated immune responses in pigs.
High, low, and control lines diverged for growth rate,
antibody response to various antigens, and response
to Mycoplasma hyorhinis. They concluded that genetic
variation in response to certain antigens and toM.hyor-
hinis exists. The genetic variation was polygenic, regu-
lating both innate resistance and acquired immunity.
To evaluate the feasibility of selecting indirectly for
immune response,Henryon et al. (2002) estimated heri-
tabilities of number and distribution of leukocytes in
samples of blood frompigs in a performance test station.
Estimates of heritabilities were 25% for the number of
leukocytes and 22 to 29% for number of different types
of leukocytes. Specific diseases were not reported, so the
reliability of selecting on number or type of leukocytes
could not be determined. In a review, Vissher et al.
(2002) reported evidence for substantial genetic varia-
tion between pigs and concluded that there is the possi-
bility for genetic improvement of the immune capacity
to respond to pathogens.
The PRRSV mainly targets alveolar macrophages of
pulmonary cells (Osorio, 2002). Due to rapid replication
in these cells, clinical signs of PRRSV are evident in the
early postinoculation period. In this study, incidence of
lesions in lungs of infected pigs at d 14 was much
greater than in control pigs. Lesions in control pigs
were suggestive of slight interstitial pneumonia not
associated with PRRSV; the increase in infected pigs
represented PRRSV-induced lesions. The direct effect of
PRRSV is apoptosis of infectedmacrophages. Cytokines
released by infected macrophages also cause apoptosis
in uninfected bystander cells.
The PRRSV causes immunosuppression, resulting in
increased susceptibility to secondary infections (Thana-
wongnuwech et al., 2000; Feng et al., 2001). Because of
the relatively high level of biological security measures
used, it is unlikely that other pathogens were intro-
duced during the experiment; however, HD and NEI
pigs came from two different farms and were likely
exposed to different pathogens before the experiment.
Although infected pigs of the two lines were in one room
together and their uninfected littermates were together
in another room, within a room, pigs of the two lines
were not commingled in the same pen. InfectedHD pigs
had a higher incidence of lesions attributed to myco-
plasma (22 vs. six cases) and bacteria (one vs. zero
cases) in the lungs than uninfected HD pigs. Infected
NEI pigs also had a higher incidence of lesions due to
mycoplasma (28 vs. eight cases) and bacteria (five vs.
one case) in the lungs than uninfected NEI pigs. The
proportions of cases of these two types of pneumonia
were similar for NEI and HD pigs, but the lines could
have been exposed to other secondary pathogens not
monitored in this study. The observed line differences
must therefore be attributed jointly to the direct effects
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Figure 6. Distribution of viremia, log10, at d 4 (n = 199), 7 (n = 189), and 14 (n = 181) in serum of infected pigs
across populations.
of PRRSV and possible effects of other secondary patho-
gens. In addition, younger pigs tend to develop more
severe clinical signs of PRRSV (Rossow et al., 1994).
Therefore, responses in older pigs of these lines may
differ from those observed in this experiment.
In this study, considerable variation among pigs
within both genetic lines in response to PRRSV existed
for several traits. Nonetheless, the traits were not
highly correlated (Table 2), indicating that the different
traits measure somewhat different responses to
PRRSV. Viral infectivity titration was used to measure
the amount of PRRSV in serum and tissue. The distri-
bution of viremia (virus in the serum) across all pigs is
illustrated in Figure 6. Pigs in the right tail of the
distribution replicated the virus at very high rates, as
high as 105.5 CCID50/mL, whereas those in the other
tail had replication rates as low as 100.7 CCID50/mL of
blood. High levels of viral load tended to be associated
with low weight gain, lower rectal temperature, and
increased incidence of lung lesions, but correlations
among these variables were low (absolute values of cor-
relations ranged from 0 to 0.46). There were pigs that
replicated the virus at high rates and showed all the
clinical symptoms of PRRSV. They grew slowly, had
high body temperatures, and had gross andmicroscopic
lung lesions typical of PRRSV infection. Other pigs with
similar levels of viremia showed few symptoms of
PRRSV. They gained weight at normal rates, had nor-
mal or only slightly elevated body temperatures, and
had few lung lesions. Similarly, there were pigs in this
sample with relatively low levels of viral load that
showed symptoms typical of PRRSV, whereas others
had few clinical signs suggestive of PRRSV infection.
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